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Summary A cohort comprising 11 678 women who had undergone cholecystectomy in the period 1964
through 1967 for a benign gallbladder disease was investigated. They represented almost a total ascertainment
from a defined geographic area. Follow-up during 11-14 completed years of observation revealed a total of
202 breast cancer cases after the cholecystectomy. This number was close to the expected incidence of 199.1
(relative risk 1.0). Further analysis of the risk in relation to duration of observation and age at operation did
not reveal any trend or subgroup with a significantly increased or decreased risk. It was concluded that
despite the many epidemiologic observations indicating that in Western Countries dietary habits are
particularly important determinants of the high incidence of both gallstone disease and breast cancer, our
results contradict the idea that the diseases share common aetiologic factors.
Certain epidemiological data suggest that breast
cancer and gallstone disease have major aetiologic
factors in common. Thus a parallelism exists
between the prevalence of gallstones (Heaton, 1973)
and the incidence of breast cancer (Waterhouse et
al., 1976) in different countries. The very high
frequencies of these diseases characteristic of the
Western world are well documented also in Sweden
(Brett & Barker, 1976; Lindstr6m, 1977; Cancer
Incidence in Sweden 1979, 1982).
Environmental factors related to dietary habits
are strong suspects as important determinants of
both breast cancer (Drasar & Irving, 1973;
MacMahon et al., 1973; Miller, 1980) and
cholesterol stones (Heaton, 1973; Bennion &
Grundy, 1978) which are the predominant type of
gallstone in the Swedish population (Sutor &
Wooley, 1971). An increased risk of developing
these diseases has been attributed to the same
dietary components, but there is no general
agreement as to the exact nature of these factors. A
high breast cancer risk and a lithogenic bile have
both, however, been attributed to a diet with a high
intake of fat (Drasar & Irving, 1973; Miller, 1980;
Sutor & Wooley, 1971; Wynder, 1980) and refined
carbohydrates (Heaton, 1973; Burkitt, 1971).
Further indications that gallstone disease and
breast cancer may share common aetiologic factors
derive from the influence of female sex hormones.
It is generally accepted that the risk of breast
cancer is linked to oestrogen metabolism
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(MacMahon et al., 1973), although the details of
this dependence remain to be established. The
definite female predominance among gallstone
patients, particularly during reproductive life,
suggests a relation to endogenous hormones
(Bennion & Grundy, 1978). A high fat intake might
increase the amount of biliary steroids available for
oestrogen synthesis by gut bacteria (Hill et al.,
1971) and has been shown to influence the
metabolism of pituitary and steroid hormones
(Armstrong et al., 1981; Hill et al., 1981).
Moreover, there is evidence to suggest that
exogenous oestrogens given in the menopause
increase the risk of both breast cancer (Hoover et
al., 1976) and surgically confirmed gallbladder
disease (Boston Collaborative Drug Surveillance
Program, 1974).
Recently Lowenfels et al. (1982) provided direct
support for the concept of an association between
gallstones and breast cancer in a Swedish
population from a case-control study of autopsy
data. This revealed a 3.3 times increase in the risk
of dying from large bowel, breast or female
reproductive cancer before the age of 50 in women
with gallstone disease, the relative risk of
developing breast cancer being 2.7.
Establishment of an association between gallstone
disease and breast cancer and identification of
common dietary factors of aetiologic significance is
of great importance and might ultimately lead to
preventive measures. Our aim was therefore to
analyse the incidence of breast cancer in a cohort
with surgically confirmed gallbladder disease,
taking advantage of the opportunities provided for
this type of study in Sweden by the availability of
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unselected materials and computerized registers
facilitating follow-up.
Methods and subjects
Cohort
A population-based register covering all instances
of somatic in-patient care is kept by the Swedish
Board of Health and Welfare. The Uppsala health
care region, which comprises 6 counties and has a
population of 1.3 million (in 1973), has been
connected with this register since 1964.
With the assistance of the in-patient register for
the Uppsala health care region, we compiled a
cohort of all women recorded as having undergone
cholecystectomy - with or without choledochotomy
- for benign gallbladder disease in the period 1964-
1967. Patients who had undergone other surgical
procedures concomitantly (except for
appendectomy) were not included.
In 5.4% of those fulfilling the inclusion criteria,
the national registration number (NRN) was
incomplete and these persons were therefore
excluded. A total of 11,678 cholecystectomized
women constituted the definitive cohort and were
available for follow-up. The mean age (±s.d.) at
operation was 45.6 (± 16.5) years.
Incidence ofbreast cancer among the cohort
Incident cases of breast cancer in the cohort,
diagnosed subsequent to cholecystectomy, were
identified by computerized linkage to the Swedish
central Cancer Registry. This registry covers the
whole of Sweden and at the time of this study
(Spring 1982) it was complete up to 1978. The
follow-up period thus varied from 11-14 completed
years.
Expected breast cancer incidence in the cohort
Information concerning the net size of the cohort
during the period of follow-up was obtained by
computerized linkage of the cohort to the national
registers of "Causes of Death" and "Population
Changes", in which all deaths and cases of
emigration are recorded.
The starting point of the observation of members
of the cohort was the date of cholecystectomy and
the end point the date of cancer diagnosis, death or
emigration. The accumulated number of person
years was calculated until the end of 1978 for the
whole cohort and for subgroups according to
duration of follow-up and age at cholecystectomy.
The expected number of breast cancer cases for
each year of observation was calculated by
multiplying the accumulated number of person-
years of observation by the age specific incidence
rates of breast cancer in the region under study in
1971-1975.
Internal validity
A sample study of hospital records, reported in
detail elsewhere (Adami et al. 1983) revealed that
the data collected in the patient register were
satisfactory. Complete accordance concerning
NRN, diagnosis and date of operation was found
between record and register data in 96/101
instances. The NRN was faulty in 5 cases and 4 of
these numbers led to persons who, to our
knowledge, had not been cholecystectomized; the
other person could not be traced.
Completeness of the Cancer Registry is of the
order of 95% of all diagnosed malignant neoplasms
(Mattsson, 1977a). The slight underreporting
should in this context influence the observed and
the expected incidence to the same degree, thus
leaving the relative risks unaffected. The NRNs
entered in the Cancer Registry have been shown to
be incorrect in 1% (Mattsson, 1977b).
Consequently the same proportion (1%) of cancers
in the cohort will escape identification.
Statistical methods
The presented relative risks constitute the ratio of
observed numbers of carcinoma of the breast to
expected numbers. Under the assumption that the
number of observed cancers follow the Poisson
distribution the 95% confidence limits were
computed accordingly (Pearson & Hartley, 1966).
Results
Very close agreement was found between the
observed (202) and the expected (199.1) number of
cancers of the breast.
Classification of the material according to length
of time after cholecystectomy (Table I) revealed no
trend or subgroup with a significantly increased or
decreased risk.
The cohort was further subgrouped by
stratification according to age at operation (Table
II). No trend was found within any of the strata
indicating that age at cholecystectomy can be used
as a predictor of the risk of subsequent breast
cancer.
Discussion
This prospective study was based on a large cohort
comprising virtually all women who had been
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Table I Relative risk (RR) of breast cancer
related to duration of observation in completed
years after cholecystectomy. O=observed and
E=expected cases.
Years after
cholecystectomy 0 E RRa
0-2 39 48.2 0.81
3-5 41 39.4 1.04
6-8 46 41.9 1.10
9-11 52 44.0 1.18
12-14 24 25.6 0.94
Total 202 199.1 1.01
aThe 95% confidence limits
instances.
included 1.0 in all
during a given period and followed for up to 15
years after operation. Several possible sources of
error in the different registers used for recruiting
and follow-up of the cohort might have influenced
the results in terms of observed and expected
numbers of cases, and were specially considered.
The validity of the in-patient register was
considered acceptable. A few patients included in
the cohort (4 of the sample of 101 patients studied
for data validity) had erroneous national
registration numbers, numbers which belonged to
individuals who to our knowledge had not been
cholecystectomized. Although these subjects would
replace the risk of the cohort members with that of
the background population, their proportion was
too low to influence the results to any significant
degree. The Register of Deaths was used to identify
subjects who died during the follow-up. Errors
related to the classification of cause of death could
not therefore have influenced the results.
The completeness and accuracy of the Cancer
Registry is high (Mattsson, 1977a,b). Moreover, as
information about the observed as well as the
expected outcome was derived from this register,
underreporting of incident cases would have
influenced both figures to the same degree.
Geographic differences in incidence within Sweden
were taken into account by using age-specific
incidences for the area of study. The annual age
standardized incidence of breast cancer is steadily
increasing by 1.6% (Cancer Incidence in Sweden
1979, 1982). The use of incidence figures from only
5 years in the middle of the follow-up period might
therefore have led to an overestimation of the
number of expected cases during the early follow-
up period and an underestimation during the late
part of the follow-up. This possible error was
considered negligible, however, in view of the slow
increase in incidence and the relatively short
observation period. We therefore conclude that our
results ought to reflect the conditions in the study
area and in the whole of Sweden, and possibly also
in other Western countries.
Theoretically, two established risk factors for
gall-bladder disease, namely obesity and parity
(Bennion & Grundy, 1978; Layde et al., 1982),
might have confounded our results. By influencing
the risk of breast cancer in opposite directions it is
possible, however, that they cancelled each other
out. Although obesity has been proposed to
increase the risk of breast cancer (MacMahon et
al., 1973) the question of a causal relation has been
a matter of controversy and we were unable to
confirm such a relation in the Swedish population
(Adami et al., 1977). A significant confounding
effect of obesity therefore seems unlikely.
Parity increases the risk of gall-bladder disease
(Layde et al., 1982) and decreases the risk of breast
cancer (Adami et al., 1980). A negative
confounding effect exerted by a higher parity of
women in the cohort than in the general population
cannot therefore be ruled out. The effect on the risk
has, however, been moderate and, as far as gall-
bladder disease is concerned, established only for
young women (Layde et al., 1982).
Table II Relative risk (RR) of breast cancer related to age at cholecystectomy and duration of
observation in completed years. O=observed and E=expected cases.
Observation time
0-4 5-9 10-14 total
Age at
cholecystectomy 0 E RR 0 E RR 0 E RR 0 E RR
<39 4 4.6 0.9 4 9.4 0.4 13 13.8 0.9 21 27.8 0.8
40-49 7 11.9 0.6 16 13.5 1.2 14 12.6 1.1 37 38.0 1.0
50-59 15 17.4 0.9 22 19.5 1.1 21 19.0 1.1 58 55.9 1.0
60-69 18 18.5 1.0 26 19.2 1.4 22 16.9 1.3 66 54.6 1.2
70+ 3 9.5 0.3a 11 8.1 1.4 6 5.0 1.2 20 22.6 0.9
aP=0.04. With this exception the 95% confidence limits of the relative risks included 1.0 in all
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Two major inferences might be drawn from this
study. Firstly there is no indication that
cholecystectomy is a risk factor for subsequent
development of breast cancer, e.g. that the
qualitative and quantitative changes in intestinal
bile that are proposed to occur after
cholecystectomy (Malagelada et al., 1973; Hepner et
al., 1974) would cause metabolic or endocrine
changes acting as promotors or carcinogens on the
breast. Although 15 years might be considered too
short a follow-up period for a carcinogenic effect to
be fully manifested, the very close agreement
between the number of observed and expected cases
and the absence of a trend related to the duration
of follow-up contradicts the idea that a prolonged
observation will reveal significant differences.
Secondly, despite the fact that gallstone disease
and breast cancer, both diseases of high incidence
in Western countries, have each been proposed to
be related to dietary (Heaton, 1973; Drasar &
Irving, 1973; MacMahon et al., 1973; Miller, 1980;
Bennion & Grundy, 1978; Carroll et al., 1968;
Wynder, 1980; Burkitt, 1971; Hill et al., 1971) and
endocrine (MacMahon et al., 1973; Hill et al., 1971;
1981 Armstrong et al., 1981; Hoover et al., 1976;
Boston Collaborative Drug Surveillance Program,
1974) factors, our results provide no indication that
they share common aetiologic factors.
Firm conclusions on this second point are partly
prevented by the fact that women undergoing a
cholecystectomy are derived from a very large
number of subjects with prevalent disease and are
probably biased in relation to this latter population
with respect to symptoms, socio-economic factors
(van der Linden, 1961) and possibly other
characteristics. Ideally the analysis of an association
between gallstone disease and breast cancer - which
is anticipated to reflect common aetiologic factors -
should proceed from material including all
prevalent cases. In practice, however, it seems
difficult to identify a cohort representing an
unbiased sample of all prevalent cases and
sufficiently large to demonstrate any association
with certain rare diseases. We also consider it
highly unlikely that women subjected to operation
will be negatively confounded to the extent that this
will eliminate a firm correlation between gallstone
disease and incidence of breast cancer.
A number of evidences suggest that
environmental factors, particularly related to
dietary habits, are major common determinants of
the high incidence of both breast cancer and
gallstone disease in Western countries. In this study
we were unable to demonstrate any association
between gall-bladder disease and breast cancer. This
may be because the Swedish population is relatively
homogeneous, and it may be speculated that the
dietary habits of the gallstone patients studied may
have been too similar to that of the general
population to result in any difference in the risk of
cancer. On the other hand, a recent case-control
study on a Swedish autopsy material showed a
significantly increased risk of dying from breast,
reproductive or gastrointestinal cancer before - but
not after - the age of 50 in women with gallstone
disease, as compared to those without (Lowenfels et
al., 1982).
Lowenfels et al.. (1982) attributed this latter
finding to common environmental (diet-related) risk
factors. This suggestion is contradicted, however,
by the observation that the large international
variations in breast cancer incidence are accounted
for by different age-specific incidences in older
women (Thomas & Lilienfeld, 1967), the incidences
for women under 50 years of age being about the
same in high- and low-risk countries.
Our prospective study did not disclose any
tendency toward an increased risk in younger
women. We believe that these contrasting results
are explained by methodological differences
between the two studies. Results from case-control
studies on autopsy materials are difficult to
interpret, because of the inherent selection of cases
and controls. These mechanisms of selection were
largely overcome in our study.
Prospective studies in populations less
homogeneous than the Swedish one may further
elucidate the possible association between gallstones
and breast cancer.
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